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Abstract Objective: To summarize changes in folic acid
awareness,knowledge,andbehavioramongwomenofchild-
bearing age in the United States since the U.S. Public Health
Service (USPHS) 1992 folic acid recommendation and later
fortiﬁcation. Methods: Random-digit dialed telephone sur-
veyswereconductedofapproximately2000women(persur-
vey year) aged 18–45 years from 1995–2005 in the United
States. Results: The percentage of women reporting having
heardorreadaboutfolicacidsteadilyincreasedfrom52%in
1995 to 84% in 2005. Of all women surveyed in 2005, 19%
knew folic acid prevented birth defects, an increase from 4%
in 1995. The proportion of women who reported learning
about folic acid from health care providers increased from
13% in 1995 to 26% in 2005. The proportion of all women
who reported taking a vitamin supplement containing folic
acid increased slightly from 28% in 1995 to 33% in 2005.
Among women who were not pregnant at the time of the
survey in 2005, 31% reported taking a vitamin containing
folic acid daily compared with 25% in 1995. Conclusions:
The percentage of women taking folic acid daily has in-
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creased modestly since 1995. Despite this increase, the data
show that the majority of women of childbearing age still
do not take a vitamin containing folic acid daily. Health care
providers and maternal child health professionals must con-
tinue to promote preconceptional health among all women
of childbearing age, and encourage them to take a vitamin
containing folic acid daily.
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Introduction
Spinabiﬁdaandanencephaly–themostcommonneuraltube
defects (NTDs) – are serious birth defects that occur early
in pregnancy, often before a woman realizes she is pregnant.
Important studies show that intake of the B vitamin folic
acid reduces the incidence of NTDs by 50–70% when taken
before conception and during the ﬁrst trimester of pregnancy
[1, 2]. This compelling research prompted the 1992 U.S.
Public Health Service (USPHS) recommendation that all
women of childbearing age who are capable of becoming
pregnant consume 400 micrograms (mcg) of folic acid daily
[3]. For women who previously had an infant with an NTD
and were planning a pregnancy, it was recommended that
they consume a much larger dose, 4,000 mcg of folic acid
per day at least one month before becoming pregnant and
during the ﬁrst three months of pregnancy [3].
In 1998, the 1992 USPHS recommendation was reaf-
ﬁrmedbytheInstituteofMedicine,whichstatedthatwomen
capable of becoming pregnant should take 400 micrograms
of “synthetic folic acid” daily from fortiﬁed foods or supple-
ments or a combination of the two, in addition to consuming
naturalfolatefromavarieddiet[4].Additionally,in1998the
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Food and Drug Administration (FDA) began requiring folic
acid fortiﬁcation of enriched breads, cereals, ﬂours, pastas,
rice, and other grain products [5], to aid in increasing folic
acid consumption by an estimated average of 100 mcg daily
in women of childbearing age. Other organizations, such
as the American Academy of Pediatrics and the American
College of Obstetricians and Gynecologists, have supported
the USPHS recommendation [6, 7]. National and state or-
ganizations implemented educational and media campaigns
during the mid-1990s to promote the awareness and con-
sumption of folic acid among women of childbearing age [8,
9].Sincetheimplementationofnationalpolicies,thenumber
of pregnancies affected by NTDs in the U.S has decreased
approximately 26% – from 4,000 affected pregnancies prior
to fortiﬁcation to 3,000 affected pregnancies after fortiﬁ-
cation [10]. Despite these efforts, the 50 percent reduction
anticipatedbytheUSPHSin1992hasnotbeenforthcoming.
This report summarizes results from nine surveys conducted
between 1995–2005 after the USPHS 1992 recommenda-
tion and folic acid fortiﬁcation. It documents the steady in-
crease in awareness and knowledge of folic acid – and the
as yet modest change in consumption of a vitamin contain-
ing folic acid – among U.S. women of childbearing age.
[11].
Methods
The data for this study include a national sample of approxi-
mately2000women(persurveyyear)aged18–45yearsfrom
1995–2005. The March of Dimes Birth Defects Foundation
contractedtheGallupOrganizationtoconductrandom-digit-
dialed telephone surveys. Since 1995, response rates have
ranged from 24% to 52%. The response rate for the 2005
survey was 32% (2,647 women). Statistical estimates were
weighted based on Current Population Survey (CPS) data
to reﬂect the total population of women aged 18–45 years
in the contiguous United States who resided in households
with telephones. In 2005, the sampling design included an
oversamplingofwomenages18–25.In1995–2004,themar-
gin of error for estimates based on the total sample size was
±3% and in 2005 it was ±2% . The questionnaire and
methods used were described previously and were the same
in all survey years [12].
Results
Table 1 displays the percentage of women reporting aware-
nessofandknowledgeaboutfolicacid,andtheirdailyuseof
vitamins containing folic acid. Between 1995 and 2001, the
percentage of women reporting having heard or read about
folic acid increased from 52% in 1995 to 79% in 2001. Since
2001, awareness of folic acid has remained relatively con-
stant at about 80%. Of all women surveyed in 2005, 19%
knew that folic acid prevented birth defects, compared to 4%
in 1995. Also in 2005, 7% of women knew that folic acid
should be taken before pregnancy, compared to 2% in 1995.
Theproportionofallsurveyed womenwhoreportedtakinga
vitamin supplement containing folic acid daily has remained
almostunchangedbutincreasedgraduallyfrom28%in1995
to 40% in 2004, but decreased to 33% in 2005. Of women
surveyed in 2005 who were aware of folic acid, 26% iden-
tiﬁed green leafy vegetables as good sources of folic acid.
However, in 2000, fortiﬁed cereals were added to the list of
possible sources, and only 2–5% of women identiﬁed forti-
ﬁed cereals as a good source of folic acid.
Table 1 Awareness,
knowledge, behavior, and source
of knowledge regarding folic
acid among women of
childbearing age – United
States, 1995–2005b
Characteristic 1995 1997 1998 2000 2001 2002 2003 2004 2005
Awareness
Heard or read about folic acid 52 66 68 75 79 80 79 77 84
Knowledgea
Knew folic acid can help prevent birth
defects
4 1 01 31 41 92 02 12 41 9
Knew folic acid should be taken before
pregnancy
2671 0 71 0 1 0 1 2 7
Behavior
Take folic acid daily (all women) 28 32 32 34 29 33 32 40 33
Take folic acid daily (non-pregnant
women)
25 30 29 32 27 31 30 37 31
Source of knowledgea
H e a l t h - c a r e p r o v i d e r 1 31 51 92 02 22 53 02 92 6
Magazine/Newspaper 35 36 31 30 27 27 25 28 26
Radio/Television 10 22 23 24 25 25 21 19 18
Good sources of folic acida
Green leafy vegetables – – – 24 23 27 28 25 26
F o r t i ﬁ e d c e r e a l s –––244335
Source: March of Dimes Birth
Defects Foundation. From
1995–2004 the margin of error
for estimates is ±3%. In 2005,
the margin of error for estimates
was ±2%.
Note:−=Not available.
aOf women who report being
aware of folic acid
bStatistical estimates were
weighted to reﬂect the total
population of women aged
18–45 years in the contiguous
United States who resided in
households with telephones
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Table 1 also displays women’s reported sources of in-
formation about folic acid. From 1995 to 2005, the propor-
tion of women who reported learning about folic acid from
health care providers showed a two-fold increase from 13%
in 1995 to 26% in 2005. Of women surveyed in 2005, 31%
reported that their health care provider discussed the ben-
eﬁts of folic acid with them, compared to 24% in 2001.
Of the same group of women in 2005, 30% reported being
told by their health care provider that folic acid prevented
birth defects. However, only 7% of women in 2005 reported
that their health care provider said folic acid needs to be
taken before pregnancy. This statistic has ranged from 3%
in 2004 to 8% in 2003 since its inclusion in the survey in
2002.
For the last ten years, the percentage of women learning
about folic acid from media sources such as radio and tele-
vision increased from 10% in 1995 to 18% in 2005, whereas
information about folic acid obtained from magazines or
newspapers decreased from 35% in 1995 to 26% in 2005.
These results are shown in Table 1.
Table 2 displays the percentage of women of childbear-
ing age 18–45 who reported awareness of folic acid by se-
lected sociodemographic characteristics. In 2005 the women
least likely to be aware of folic acid were non-white women
Table 2 Percentageofwomenofchildbearingage18–45whoreported
awareness of folic acid by selected sociodemographic characteristics –
United States, 2000–2005a
Characteristic 2000 2001 2002 2003 2004 2005
Race/ethnicity
W h i t e 7 88 28 28 38 18 7
N o n - W h i t e 6 26 97 16 86 87 1
Hispanic 62 69 69 72 71 73
Non-Hispanic 76 80 81 80 79 84
Age group (yrs)
18–24 68 73 70 73 70 72
25–34 76 82 84 82 80 88
35–45 77 80 81 81 80 87
Education
Less than high school 54 60 59 56 56 58
High
school/Trade/Technical/
Vocational Training
66 72 73 76 70 78
College (any) 83 86 87 86 86 90
Annual household income
< $25,000 61 71 68 69 66 72
$25,000–$39,999 76 77 76 79 79 84
$40,000–$49,999 80 77 84 87 82 87
>=$50,000 84 88 88 86 87 90
Source: March of Dimes Birth Defects Foundation. From 1995–2004
the margin of error for estimates is ±3%. In 2005, the margin of error
for estimates was ±2%.
aStatistical estimates were weighted to reﬂect the total population of
women aged 18–45 years in the contiguous United States who resided
in households with telephones.
(71%), women aged 18–24 years (72%), those women with
less than a high school education (58%), and those with a
household income of less than $25,000 (72%). These results
are consistent with years prior to 2005.
Table 3 displays the percentage of women of childbearing
age 18–45 who reported taking folic acid daily, by selected
sociodemographic characteristics. Of all women surveyed in
2005,thoseleastlikelytoconsumeavitamincontainingfolic
acid daily include non-white women (23%), those women
aged 18–24 (24%), those with less than a high school edu-
cation (20%), and those with household incomes of $25,000
or less (27%). Among women who were not pregnant at
the time of the survey in 2005, 31% reported taking a vita-
min containing folic acid daily compared with 25% in 1995.
Among women who were surveyed in 2005 who were cur-
rently pregnant, 90% reported taking a vitamin containing
folic acid daily compared to 79% in 1997.
In 2005, 67% of childbearing age women reported they
did not take daily supplements. The most common reasons
for not taking any daily vitamin or mineral supplements are
that they “forget to take them”, stated by 28% of women, or
“don’t feel they need them” as reported by 16% of women.
However, in 2005, 86% of women who were not currently
taking daily vitamins or mineral supplements reported they
wouldbelikelytostarttakingamultivitamindailyifadvised
by their health care provider or physician.
Discussion
The ﬁndings in this study show that whereas a large per-
centage of women have heard of folic acid, only a small
proportion are aware that folic acid prevents birth defects
and should be taken before pregnancy. Furthermore, despite
the USPHS recommendation in 1992 [3] the percentage of
women taking a vitamin supplement containing folic acid
daily has only modestly increased between 1995 and 2005.
Therewasasubstantiveincreaseinthepercentageofwomen
taking folic acid daily in 2004, but this increase was not sus-
tained in 2005. Clearly, the observed increases in awareness
and knowledge about folic acid are not translating into in-
creased multivitamin use.
Increased awareness of the importance of folic acid is
due in part to educational outreach activities undertaken
over the years by CDC, the March of Dimes Birth Defects
Foundation and its chapters, the Spina Biﬁda Association
of America, and members of the National Council on Folic
Acid. These activities culminated in a national meeting
in January 1999 to coordinate a folic acid promotional
campaign (May through September 1999) with continuing
independent educational outreach efforts [8]. Although
there were no substantial changes in folic acid use, recent
dietary habits might provide insight into the sudden increase
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Table 3 Percentage of women
of childbearing age 18–45 who
reported taking folic acid daily,
by selected sociodemographic
characteristics – United States,
1995–2005a
Characteristic 1995 1997 1998 2000 2001 2002 2003 2004 2005
Race/ethnicity
W h i t e – – 3 33 63 03 63 44 33 6
N o n - W h i t e – – 2 62 62 32 52 83 12 3
H i s p a n i c – – 2 93 62 32 62 93 82 7
N o n - H i s p a n i c – – 3 23 42 93 43 34 03 4
Age group (yrs)
18–24 21 23 23 29 22 22 25 31 24
25–34 30 36 34 34 32 37 34 39 36
35–45 30 35 34 36 30 36 35 46 37
Education
Less than high school 22 20 20 18 26 21 21 19 20
High school/Trade/Technical /Vocational
Training
26 30 27 31 24 29 28 32 31
College (any) 30 37 36 38 32 38 37 48 36
Annual household income
< $25,000 20 22 28 26 22 23 24 30 27
$25,000–$39,999 31 32 29 34 26 34 31 40 28
$40,000–$49,999 32 34 31 37 28 33 39 48 37
>=$50,000 33 43 38 40 35 40 38 46 38
Pregnancy status
C u r r e n t l y p r e g n a n t – 7 97 98 48 07 48 28 19 0
Not currently pregnant 25 30 29 32 27 31 30 37 31
Source: March of Dimes Birth
Defects Foundation. From
1995–2004 the margin of error
for estimates is ±3%. In 2005,
the margin of error for estimates
was ±2%.
Note:-=Not available
aStatistical estimates were
weighted to reﬂect the total
population of women aged
18–45 years in the contiguous
United States who resided in
households with telephones
in folic acid use in 2004. A recent study found that women
on low-carbohydrate diets were 50% more likely to take
folic acid daily than women on other diets; however, in
2005, folic acid use was similar across dieting types [13].
The results from the 2004 survey may be an anomalous
ﬁnding, given that many of the ﬁndings returned to pre-2004
levels (e.g., multivitamin use). Our ﬁndings may suggest
the need for more continued and increased media messages
to encourage women to consume adequate amounts of folic
acid every day through fortiﬁed foods, dietary supplements,
and a folate-rich diet. Furthermore, communities should
identify food products that provide recommended levels of
folic acid available in local grocery stores, and encourage
women to select diets with sufﬁcient folic acid.
Recent educational efforts alone do not appear to be ad-
equate to demonstrate an impact on changing behavior with
regard to folic acid consumption. The ﬁndings from this
report can be used to develop multi-pronged targeted pub-
lic health programs to increase the number of women of
childbearing age consuming a vitamin containing folic acid
daily. Demographic, sociocultural, and environmental fac-
tors impact behavior and more attention must be given to
these factors. Results from these surveys indicate that vari-
ations exist in folic acid awareness, knowledge, and use
among women of different race/ethnicity, age groups, ed-
ucation levels, and socioeconomic status. This suggests that
the linkage between folic acid awareness, knowledge, and
use is more complicated than simply increasing awareness
and knowledge. Non-white women, those between the ages
of18–24, thoselesseducated, and thoseofalowersocioeco-
nomicstatusareassociatedwithbothlowerfolicacidknowl-
edge and lower use of a vitamin containing folic acid. Tar-
geted messages and teachable opportunities of communica-
tion for younger women, women of racial and ethnic groups,
and women of low socioeconomic status need to be identi-
ﬁed and mobilized to increase the number of childbearing
age women taking folic acid daily, regardless of pregnancy
plans.
Our results indicated that despite the fact that some
womenlearnabout folicacidfromtheirhealthcareprovider,
most women are not currently following their health care
provider’s advice even though they might feel the recom-
mendation is important. This is apparent when looking at
the proportion of women taking a multivitamin daily. In ad-
dition, women report they do not take a vitamin containing
folic acid because they “feel they don’t need to”, or are not
receiving the folic acid message from their health provider.
More research is needed to understand what the motivators
and barriers are for consuming a multivitamin containing
folic acid daily to design appropriate interventions (whether
service delivery, policy, media messages, or educational in
nature) for women of childbearing age. It is important to
continue to target educational efforts at health care providers
with emphasis on the importance of women of childbearing
age taking folic acid daily to prevent NTDs. But, education
of health care providers may not be enough by itself. Chang-
ing health care provider practices is not merely a matter of
knowledgeacquisition.Publichealthprogramsneedtoforge
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strongerallianceswiththehealthcaredeliverysystemsatthe
local and national level to develop and incorporate meaning-
ful folic acid messages into routine counseling and existing
health programs and services, since preconceptional coun-
seling is not available to all women of childbearing age.
Strategies are needed to understand the context of patient
and provider interaction to promote consumption of a daily
vitamin containing folic acid among all women of childbear-
ing age, regardless of whether or not they are planning a
pregnancy.
The ﬁndings from this survey are subject to several im-
portantlimitations.First,becausewomenundertheageof18
were not included in the survey, the full extent of folic acid
knowledge and consumption among the entire population
of women of childbearing age is unknown. Second, women
without telephones were excluded; therefore, data may un-
derestimate the number of women of childbearing age from
low socioeconomic groups. Third, folic acid knowledge and
consumption of nonparticipants might have been different
from those of participants: participating women were more
highly educated than the total U.S. population. The preva-
lence of consuming vitamin supplements might have been
higher among these women than among U.S. women in gen-
eral because vitamin consumption is positively correlated
with education [11, 12]. Fourthly, folic acid use may have
been under ascertained since we did not have information on
women’s dietary folate consumption or their folate levels.
Further, self-report of dietary intake, such as taking multi-
vitamins, could be biased by social desirability – the ten-
dency of respondents to respond in a way so as to avoid
disapproval, rather than reporting actual beliefs or actions.
Finally, surveys of a more representative sample of women
of childbearing age in the United States are needed to ob-
tain more precise estimates of folic acid use among this
population.
Policy and practice implications
Fortiﬁcation efforts are an effective method of reducing the
number of NTD-affected pregnancies, and have led to a 26%
decline in the number of NTD-affected pregnancies since
the 1998 mandate that enriched cereal grain ﬂours be forti-
ﬁed with 140 mcg per 100 gram (g) [10]. Although this is a
substantial decline, it does not reach the 50% reduction esti-
mated by the USPHS in 1992 [1]. While the U.S. is seeing
a decline in the number of NTDs, other countries have seen
similar or greater declines. In Chile for example, wheat ﬂour
was fortiﬁed in 2000 with 220 mcg folic acid per gram of
the pre-mix already used in wheat ﬂour. Nine public hos-
pitals in Santiago, Chile, which account for approximately
25% of the births in that country, reported a 40% decline in
the number of NTDs [14]. Canada’s ﬂour was fortiﬁed with
folic acid in 1998 with 150 mcg of folic acid per 100 g of
grain and certain provinces reported almost a 50% decline
of NTDs[15].
Some countries have chosen to recommend the use of
folic acid supplementation for women of childbearing age
instead of fortiﬁcation. One study examined data from thir-
teen birth defect registries from areas in Europe and Israel
with over 8,000 cases of spina biﬁda and anencephaly to de-
termine the impact of recommendations on the rate of NTDs
[16]. Although some countries saw a slight decline in rates,
the majority of countries saw no detectable decrease in the
rates of NTDs using recommendations for supplementation
alone [16]. This small decline implies that although recom-
mendations might be an important aspect of reducing the
rate of NTDs, programs such as fortiﬁcation could have a
broader and more effective impact on the overall rates of
NTDs. Countries who try to use a combination of methods
– such as fortiﬁcation and supplementation, along with rec-
ommendations andeducationprograms–mightseeagreater
decline in the rates of NTDs.
Conclusions
The Healthy People 2010 objectives call for an increase to
80%inthenumberofnonpregnant womenaged15–44years
consuming daily amounts of 400 mcg of folic acid through
fortiﬁed foods or dietary supplements (Objective 16–16a)
and to increase the median red blood cell (RBC) folate level
to220ng/mlamongnonpregnantwomenaged15to44years
by 2010 (Objective 16–16b) [17]. Although substantial in-
creases in RBC folate levels among women of childbear-
ing age has been achieved [18], more aggressive efforts are
needed to increase the number of women consuming 400
mcg of folic acid daily through fortiﬁed food or dietary sup-
plement to reduce the prevalence of NTDs.
To succeed in eliminating all folic acid preventable birth
defectsbeyondwhatfortiﬁcationhasalreadyachieved, more
must be done besides educating women and their health care
providers. Pregnancies and births affected by spina biﬁda or
anencephaly have profound physical, emotional, and ﬁnan-
cialeffectsonfamiliesandcommunities.Thisyeartherewill
beanestimated3,000NTD-affected pregnancies. Thisstudy
reinforces the need for public health practitioners to mobi-
lize multiple sectors, including health care professionals,
government organizations, state and local organizations, ad-
vocacy groups, and concerned citizens to coordinate efforts
and activities to help alleviate a devastating public health
issue.
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